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.Purpose: Iatrogenic femoral pseudoaneurysms (IFP) have traditionally been treated 
surgically. Recently, this common problem has been successfixlly treated without operation 
by use of ultrasound-guided compression (UGC) to induce thrombosis of the false 
aneurysm cavity, but the risk factors for failure and the long-term outcome have not been 
defined. 
Methods: All patients referred to the vascular laboratory from June 1992 to November 
1994 whose femoral pseudoaneurysms were treated by UGC were included in the study. 
Data were collected prospectively during the last 18 months of the study. Data regarding 
the location and morphologic characteristics of the pseudoaneurysms and anticoagulation 
status were documented. Patients who had successfial UGC underwent follow-up duplex 
scanning and ankle-brachial rterial pressure valuations. 
Results: Fifty-seven patients with IFP were treated with UGC over a 30-month period; the 
last 34 were evaluated prospectively. UGC was successful at obliterating the false aneurysm 
cavity with the initial attempt in 47 (83%). Thrombosis of seven additional pseudoaneu- 
rysms was achieved on subsequent UGC attempts for an overall success rate of 95%. 
Recurrent false aneurysms were noted in two patients 2 and 10 days after initially 
successful UGC. Both were treated successfully with repeat UGC. Multivariate analysis of 
14 variables revealed heparin anticoagulation (chi-square 9.025, p = 0.001) as the only 
significant risk factor for failure of UGC. There were no episodes of arterial thrombosis, 
embolization, or femoral nerve injury associated with UGC. Temporary occlusion of 
femoral artery during UGC and compression i tervals of 20 minutes were well tolerated. 
Long-term follow-up from 30 to 400 days after UGC was available in 36 patients. There 
was no late recurrence or significant change in anlde-brachial pressures (p > 0.05). 
Conclusion: UGC is a safe and effective treatment for most catheter-induced femoral 
pseudoaneurysms with a low complication rate and excellent long-term results at a cost 
substantially lower than operative treatment. Because the natural history of IFP is 
unpredictable, UGC appears to be the preferred treatment for all IFPs persisting after 
cessation of heparin anticoagulation. (J VASC SURG 1995;22:425-33.) 
Pseudoaneurysm formation has been reported as 
a complication in 0.05% to 7.5% of femoral artery 
catheterization. >3 The use of larger arterial sheaths 
and frequent use of anticoagulants after complex 
interventional procedures has resulted in an increase 
in the incidence of pseudoaneurysms, a-  Although 
uncontrollable hemorrhage and symptomatic isch- 
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emia mandate urgent surgical intervention, contro- 
versy exists regarding the proper method and timing 
of management of asymptomatic iatrogenic femoral 
artery pseudoaneurysms. Nonoperative manage- 
ment of pseudoaneurysms with ultrasound-guided 
compression has recently been shown to be an 
effective method of  treating uncomplicated iatro- 
genic pseudoaneurysms. 6"9 This study was under- 
taken to evaluate the efficacy of compression therapy 
and risk factors for failure and recurrence, as well 
as the immediate and long-term morbidity rates. 
PAT IENTS AND METHODS 
From June 1992 to November 1994, 78 patients 
were found to have femoral false aneurysms after 
arterial catheterization by duplex scanning at the 
University of Massachusetts Medical Center. Seven 
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Table I. Characteristics of pseudoaneurysms 
Indication for femoral catheterization: 
Coronary angiography 
Coronary angioplasty 
Peripheral angiography 
Peripheral angioplasty 
Intraaortic balloon pump 
Other 
Vessel of origin 
Common femoral artery 
Superficial femoral artery 
Deep femoral artery 
Days before compression 
PSA maximum diameter 
PSA volume 
Communicating tract length 
Communicating tract width 
Communicating tract velocity 
Skin-vessel distance 
Hematoma diameter 
21 
14 
7 
2 
9 
4 
43 
12 
2 
4.82 _+ 3.64 (1-17) 
2.87 _+ 1.07 (1-5.2) cm 
9.69 -+ 9.30 (1-37) cm s 
1.05 _+ 0.69 (0.3-3) cm 
0.47 _+ 0.2 (0.2-0.9) cm 
140 Jr 78 (17-387) cm/sec 
3.81 _+ 1.19 (2-6.5) cm 
6.49 + 3.31 (1-10) cm 
PSA, Pseudoaneurysm. 
Data are reported as mean _+ SD (range). 
pseudoaneurysms re olved spontaneously without 
any physical intervention after cessation of adminis- 
tration of heparin. The pseudoaneurysm was surgi- 
cally repaired in 14 patients; in two because of 
associated hemorrhage, and in 12 others who under- 
went urgent concomitant coronary artery bypass 
grafting for unstable angina. The remaining 57 
patients were treated with ultrasound-guided com- 
pression of femoral artery pseudoaneurysms and 
form the basis for this study. Data were collected 
retrospectively during the first 12 months, and 
prospectively for the final 18 months of the study. 
Informed consent was obtained from all participants 
who were evaluated prospectively. 
A high-resolution duplex imaging system (Sonos 
1000; Hewlett-Packard, Andover, Mass.) was used 
to evaluate patients for the presence of pseudoaneu- 
rysm. Color-flow imaging with a 5.5 to 7.5 MHz 
linear array transducer or 5 MHz phased array 
transducer was used to localize the pseudoaneurysm 
and the communicating channel and to provide 
continuous flow information during the compression 
phase of the procedure. Spectral Doppler scanning 
was used to demonstrate he characteristic "to-and- 
fro" flow pattern in the neck of the pseudoaneurysm. 
Transverse images were used to determine the 
maximum external nteroposterior and lateral dimen- 
sions of the aneurysm capsule, whereas the maximum 
longitudinal dimension was derived by scanning in 
the sagittal plane. Other morphologic data collected 
included the presence of thrombus and estimated 
total volume of the pseudoaneurysm occupied by 
thrombus, the presence of multiple compartments, 
depth of the parent artery beneath the skin surface, 
length and width of the communicating tract, flow 
velocity in the tract, pseudoaneurysm, and the 
femoral artery, as well as the presence of atheroscle- 
rotic plaque in the native artery and size of adjacent 
hematoma. 
All participants had an intravenous line in place 
and were given an appropriate dose of an analgesic 
and sedative to aid in comfort and compliance 
with the procedure. In patients tudied prospectively, 
5 mg diazepam (Valium) was administered orally 1 
hour before the compression, and intravenous nar- 
cotics were administered by a physician during the 
compression treatment. Heparin anticoagulation was 
discontinued, when possible, 2 hours before and 
resumed 4 hours after compression. Diagnostic 
duplex scanning was performed by an experienced 
registered vascular technologist or vascular surgery 
fellow under the supervision of an attending vascular 
surgeon. Baseline ankle-brachial indexes (ABI) and 
systemic blood pressure were recorded for each 
patient, and intermittent assessment of audible 
Doppler signals of pedal arteries was performed 
throughout the entire period of compression. 
Once the pseudoaneurysm and the underlying 
artery were localized, the communicating tract was 
centered on the color-flow image, and direct vertical 
pressure was manually applied with the ultrasound 
probe just sufficient to impede arterial flow into the 
pseudoaneurysm. Compression was maintained for 
10- to 20-minute intervals, and at the end of each 
interval, pressure was slowly released to assess the 
outcome. Subsequent compressions were used up to 
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a maximum total of 120 minutes. When it was 
necessary to occlude the femoral artery during 
compression treatment o obliterate flow in the 
pseudoaneurysm, the compression intervals were 
limited to 10 minutes, with 1-minute intermission to 
allow for distal perfusion. Compression was deemed 
successful when absence of flow within the aneurysm 
and the presence of a visible static blood or thrombus 
was documented by color-flow imaging. After suc- 
cessful thrombosis of the pseudoaneurysm, the pa- 
tient was maintained with bed rest for 6 hours. A 
color-flow duplex ultrasound examination and ABIs 
were repeated after 1 to 5 days after successful 
compression. In the prospective group, patients 
returned 30 days after successful compression, and in 
the retrospective group, patients were asked to return 
from 45 to 300 days after compression. Peak systolic 
velocity, spectral analysis, and ABIs were recorded at 
each follow-up visit. 
During three difficult compressions, it was nec- 
essary for two examiners to assist during compression 
treatments because of hand fatigue. Factors limiting 
technical success included inability of patients to 
tolerate prolonged compression and hand fatigue of 
examiners. 
The risk factors for failure of compression were 
analyzed by use of a stepwise logistic regression 
computer model. The results are reported as odds 
ratio andp value. The ABI and vessel velocity before 
and after compression were compared by use of the 
paired t-test. The p values less than 0.05 were 
considered to be significant. 
RESULTS 
Fifty-seven patients underwent 66 ultrasound- 
guided compression treatments. There were 25 men 
and 32 women ranging in age from 31 to 79 years, 
weighing 80% to 300% of their ideal body weight. 
The sheath sizes for femoral artery catheterization 
were 5F to 7.5F for diagnostic studies, 7.5F to 10F 
for angioplasty, and 9.5F for intraaortic balloon 
pump. The pseudoaneurysm was diagnosed 1-17 
days after catheter removal by color-flow ultrasonog- 
raphy that was performed for evaluation of a he- 
matoma in 40 patients, pulsatile mass in nine, and 
pain in four and was detected incidentally on 
screening venous duplex scanning in four. Incidental 
findings in addition to the pseudoaneurysm were 
femoral venous thrombosis in two patients, arterio- 
venous fistula in two, and catheter-induced intimal 
injury in one. Additionally, one patient had femoral 
neuralgia before compression, and one had groin 
infection. Most pseudoaneurysms re ulted from car- 
Table II. Patient factors at the time of 
compression treatment 
Coagulation status 
Heparin 
Warfarin 
I-Ieparin and warfarin 
Coagulopathy not related to anticoagu- 
lants 
Aspirin 
Compression time (rain) 
Mean 
Range 
Compression attempts 
One 
Two 
Three 
Number of patient reqmring arterial oc- 
clusion 
% time native vessel occluded 
Mean 
Range 
5 
10 
1 
5 
54 
45 
15-120 
47 
6 
1 
20 
34% 
10%-100% 
diac catheterization procedures and originated from 
the common femoral artery. Twelve pseudoaneu- 
rysms involved the superficial femoral artery and two 
the deep femoral artery. Pseudoaneurysms ranged in 
diameter from 1 to 5.2 cm, and the depth of the 
femoral artery ranged between 2 to 6.5 cm. Table I 
describes the characteristics of the pscudoaneurysms 
at the time of initial evaluation. 
Data regarding compression therapy are depicted 
in Table II. Ultrasound-guided compression was suc- 
cessful at obliterating the false aneurysm cavity with 
the initial attempt in 47 (83%). Thrombosis of seven 
additional pseudoaneurysms required two or three 
compression attempts for an overall success rate of 
95%. Initial failure was directly related to inability of 
the patient o tolerate the pain in one case and hand 
fatigue of the examiner in another. In the prospective 
group, 90% required intravenous narcotics (mor- 
phine sulfate 4 to 15 mg, meperidine hydrochloride 
(Demerol) 5 to 15 mg) during compression. Com- 
pression resulted in obliteration of flow in the femo- 
ral artery in 20 patients during treatment without 
associated complications. Immediate follow-up du- 
plex examination and ABI were available in all pa- 
tients from I to 10 days after compression. Two false 
aneurysms recurred: one at 3 days in a patient with 
small residual flow in the communicating tract at the 
completion of the first compression, and one at 10 
days in a patient who was given heparin for a femoral 
venous thrombosis, diagnosed before compression, 
after a successful initial compression. Both were suc- 
cessfully treated with a second compression. Nine 
patients had successful compression while receiving 
warfarin, whereas compression was unsuccessful in
JOURNAL OF VASCULAR SURGERY 
428 Hajarizadeh et al. October 1995 
Table I lL  Description of patients whose initial attempt at ultrasound-guided compression failed 
Date Initial compression Final outcome 
June 1992 
October 1992 
December 1992 
March 1993 
April 1993 
July 1993 
July 1993 
November 1993 
January 1994 
March 1994 
Unsuccessful with heparin 
Unsuccessful with warfarin 
Unsuccessful with heparin for first and second 
compressions 
Unsuccessfill with heparin 
Unsuccessful. Patients with end-stage liver 
disease 
Unsuccessful with heparin 
Unsuccessful with heparin with associated groin 
infection 
Residual tract after 60 minutes, hand fatigue, 
PSA recurred in3 days 
Successful, but patient required heparin for DVT, 
PSA recurred in 10 clays 
Parital thrombosis, compression limited be- 
cause of patient discomfort 
Surgical treatment 
Successful second compression with warfarin 
Successful third compression without heparin 
Successful second compression without heparin 
Died 
Successful second compression without heparin 
Surgical treatment 
Successful second compression 
Successful second compression 
Successful second compression 
PSA, Pseudoaneurysm; DVT, deep venous thrombosis. 
six patients whose heparin anticoagulation was con- 
tinued during compression. Because of the failures in 
patients receiving heparin in the retrospective part of 
the study, during the last 18 months, heparin infu- 
sion was stopped temporarily before treatment in 
four patients, resulting in successful compression. In 
these patients heparin was resumed 4 hours after 
compression with partial thromboplastin times main- 
tained between 50 and 60 seconds. Four other pa- 
tients whose heparin infusion could not be stopped, 
even temporarily, because of coronary artery stent 
placement, were maintained at bed rest tmtil they 
could begin receiving warfarin anticoagulation, at 
which time they underwent successful compression. 
By avoiding compression during heparin anticoagu- 
lation, our overall success rate for compression i the 
last 18 months of the study was 100%. Aneurysm 
size, aneurysm age, obesity, communicating tract di- 
mension, vessel of  origin, or presence of associated 
hematoma did not influence the chance for successful 
compression. Clinical characteristics of patients 
whose first attempts at compression were not success- 
ful are depicted in Table III. After a univariate analy- 
sis of all factors recorded, 14 variables were selected 
for multivariate analysis (Table IV). Only anticoagu- 
lation with heparin independently predicted failure of 
compression (odds ratio 9.025,p = 0.001). 
There was no significant change in ABI 
(p > 0.05) and no immediate complications associ- 
ated with ultrasound-guided compression. There was 
no morbidity associated with temporary obliteration 
of flow in the femoral artery. One patient who had 
catheter-induced intimal injury before compression 
had development of worsening ischemic symptoms 
despite no change in ABI after successful compres- 
sion. He underwent operative xploration, at which 
time the pseudoaneurysm was thrombosed but the 
femoral artery required repair. One patient who had 
pain from femoral nerve compression, but without 
motor or sensory changes, was treated with compres- 
sion. He had no initial change in his symptoms, but 
he had complete resolution of symptoms after 45 
days. There were no episodes of thromboembolism 
or skin necrosis. Thirty-six patients had a physical 
examination and ABI evaluated at 30 to 300 days 
(mean 65 days) after compression, of which 29 
underwent follow-up duplex scanning. There was no 
evidence of late recurrence of pseudoaneurysm, 
significant change in ABI (p > 0.05), or residual 
thrombus. 
DISCUSSION 
Pseudoaneurysms form as a complication of 
arterial catheterization. Color-flow imaging systems 
have significantly simplified the diagnosis of pseudo- 
aneurysms and allow the examiner to rapidly locate 
and define the communication channel between the 
artery and the aneurysm. 1°-12 Although pseudoaneu- 
rysms are not common after femoral arterial punc- 
tures, the increasing frequency of more complex 
procedures requiring larger sheaths and anticoagula- 
tion has resulted in an increase in the incidence of 
pseudoaneurysms. ~,9 
Traditionally, pseudoaneurysms have been re- 
paired surgically after their discovery because of 
concerns regarding rupture, hemorrhage, and throm- 
bosis of the native artery, is The presence of elevated 
liver enzymes, age greater than 65, and presence of 
peripheral vascular disease has been associated with 
an increased risk of rupture. 14 Although surgical 
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repair is curative, it is accompanied by morbidity 
rates of 1.4% to 30%, 14-17 and prolongation of 
hospital stay. Recently, the natural history of un- 
treated false aneurysms has been defined.18,19 Paulson 
et al. 2° monitored 24 femoral pseudoaneurysms 
prospectively and reported a 60% rate of spon- 
taneous resolution, and Kent et al. 21 reported 
spontaneous thrombosis in nine of 16 pseudoaneu- 
rysms monitored prospectively. However, neither 
study identified any variables that could consistently 
predict which false aneurysm would spontaneously 
thrombose. 
Ultrasound-guided compression of pseudoaneu- 
rysms was initially described in 1991.22,23 Since then, 
more than 300 cases of compression treatments have 
been reported in the literature with success rates 
ranging from 55% to 98%. 6-8'10"I7'22"27 Compression 
has been associated with rare reports of thromboem- 
bolic complication, 22 recurrence rate of 8%, 8 and 
occasional skin necrosis caused by prolonged pressure 
on the skin. In the largest reported series of com- 
pressions to date, Cox et al.8 reported a 93% success 
rate in 100 consecutive patients with no significant 
morbidity or mortality rates. They noted that oblit- 
eration of false aneurysm cavity was less successful 
(86% vs 98%) and that the recurrence rates were 
higher (20% vs 6%) among patients who were given 
anticoagulant. 8 They did not distinguish between 
anticoagnlation with heparin or warfarin. Our data 
demonstrate a significant difference in success rate 
between patients given heparin and warfarin. In fact, 
heparin anticoagulation was the only variable that 
lowered the chance for a successful compression. This 
study also shows that compression therapy was 
successful up to 14 days after the diagnosis of a 
pseudoaneurysm. Consequently, compression can be 
deferred until heparin is no longer equired or can be 
withheld temporarily, and warfarin is the only 
anticoagulant used, if the patient's condition is 
otherwise stable. 
Previous authors have emphasized that the safety 
and efficacy of compression depends on selective 
obliteration of flow in the communicating tract 
between the parent artery and the pseudoaneurysm, 
while preserving flow through the parent vessel. 22'24 
In this study there were no complications a sociated 
with temporary cessation of femoral arterial flow 
during compression or with compression i tervals 
greater than 10 minutes when femoral arterial flow is 
maintained. We have not observed any femoral nerve 
compression as a consequence of compression 
therapy in contrast to the 10% to 30% incidence of 
femoral neuralgia reported with surgical repair. 14'28 
Table IV. List of risk factors that were 
used in a multivariate analysis for predicting 
failure of ultrasound-guided compression 
Sex 
Patient age 
PSA age 
Arterial sheath size 
Days arterial sheath in place 
Heparin during compression 
Warfarin during compression 
Aspirin during compression 
Coagulopathy 
PSA volume 
Tract diameter 
Tract length 
Tract velocity 
Vessel of origin 
PSA, Pseudoaneurysm. 
There were no long-term recurrences and no change 
in ABI associated with compression therapy. 
In conclusion, the increasing number of invasive 
endovascular p ocedures, frequent use of anticoagu- 
lation, and ease of early diagnosis with duplex 
scanning will undoubtedly result in an increasing 
number of iatrogenic femoral false aneurysms. It is 
therefore important to develop astrategy to manage 
this condition effectively while containing cost. This 
study demonstrates a 100% success rate for 
ultrasound-guided compression ifheparin anticoagu- 
lation is avoided uring treatment, with no signifi- 
cant complications. In most patients receiving hep- 
arin anticoagulation, compression therapy can be 
delayed until heparin is temporarily stopped or until 
warfarin can be administered. Surgical therapy 
should be reserved for those with hemorrhagic, 
ischemic, and neurologic symptoms, or in those 
undergoing emergency oronary artery bypass graft- 
ing. Compression is safe and effective, with no 
long-term complications. Ultrasound-guided com- 
pression is technically demanding and requires ap- 
propriate patient sedation and pain control. A larger 
population may need to be studied before long-term 
recurrence can be more accurately defined. 
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DISCUSSION 
Dr. Fred A. Weaver (Los Angeles, Calif.). Since 
Fellmeth first introduced the concept of ultrasound-guided 
compression for femoral false aneurysms in 1991, this 
approach to iatrogenic femoral false aneurysms has re- 
placed traditional surgical closure in many medical centers. 
Successful closure in most cases has been documented in
many reports in both surgical and radiologic literature, and 
we have also learned that a significant number of false 
aneurysms will spontaneously close. 
These authors report an experience of 57 patients 
identified by duplex ultrasonography as having an iatro- 
genic femoral false aneurysm who were initially treated by 
color-flow duplex ultrasound-guided compression. The 
authors' technique of duplex scanning-guided compres- 
sion is typical of what is described in the literature, with 
intermittent compressions of the communicating tract 
between the native vessel and aneurysm lasting from 10 to 
20 minutes over the course of 1 to 2 hours. Compression 
of the femoral vessel was performed in most instances 
without cessation of the femoral artery flow. The initial rate 
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of false aneurysm closure was 83% with 10 failures. A 
second attempt at compression was successful in seven. 
Two aneurysms recurred within the first 10 days. Both 
underwent repeat compression with successful closure. 
There were no late recurrences in the 29 patients available 
for follow-up. Thus only three of 57 compressions were 
ultimately not successful. They analyzed their data by use of 
a multivariate stepwise regression analysis in an attempt to 
identify which factors, if any, were predictive of compres- 
sion failure. Not surprisingly, anticoagulation with heparin 
was the only factor identified. 
This study confirms a number of previous observa- 
tions, namely that compression can be highly successful, 
complications are few, early and late recurrences are 
uncommon, spontaneous closure does occur and anti- 
coagulation is an important issue. At the University of 
Southern California, we also use duplex scanning-guided 
femoral compression as the initial treatment for uncom- 
plicated iatrogenic femoral false aneurysms; however, our 
experience with this approach has been somewhat less 
favorable than that of the University of Massachusetts. We 
have identified three factors that we believe have com- 
promised our results, some alluded to in the manuscript, 
others that were not. 
First, heparin has been problematic for us as well, but 
warfarin (Coumadin) also has been an important factor in 
failed compressions. A recent report found oral anticoagu- 
lants to be particularly important in the failure to achieve 
aneurysm closure and systemic anticoagulation with either 
agent ought to have a negative impact on the results of 
compression. Could you give us your views on why 
Coumadin was not a problem in your series? Could the 
length of the communicating tract be important, because 
others have found anticoagulation to be less of an issue with 
longer communicating tracts. 
Second, prolonged compression is for many patients 
very uncomfortable. We have found this and hand fatigue 
of the examiner to be an important limitation. Were there 
patients with false aneurysms not included in this study 
because at the outset hey would not tolerate compression? 
You briefly describe what sounds like a protocol for 
sedation and pain relief during compression. Could you 
elaborate on this? 
Third, if present, underlying arterial disease of the 
femoral artery can have an impact on the benefits of this 
approach. It seems quite possible that a severely diseased 
atherosclerotic common femoral artery may be less apt to 
undergo successful compression with possibly a greater 
incidence of complications when compared with a rela- 
tively normal, pliant common femoral artery. We recently 
had a patient with diabetes, end-stage renal disease, and 
diffuse calcification of the common femoral artery who had 
an iatrogenic ommon femoral false aneurysm that could 
not be closed by this technique. Because data concerning 
arterial disease would be readily available from your 
ultrasound examination, can you tell us whether you have 
analyzed this information with regard to its impact on 
success? Could you comment on whether this might also be 
an independent risk factor for failure? 
Finally, although not mentioned in your experience, 
others have reported successful closure of iatrogenic 
arteriovenous fi tula with compression. I would be inter- 
ested in your experience with these particular lesions. 
Dr. Homayon Hajarizadeh. The first question is why 
heparin anticoagulation affects the outcome and not 
warfarin. We believe that the patients who received heparin 
probably were given too much anticoagulant. Many had 
partial thromboplastin times greater than 150. 
Hand fatigue was, in fact, a factor in compression, and 
in about 10 compressions we had either myself or our chief 
technologist alternate compression for 10 minutes each. In 
fact, in one patient we had to have two people compressing 
at the same time to achieve adequate compression. 
Patient comfort level is important. Every patient gets 
premedicated with oral diazepam before they come to the 
vascular laboratory. They have intravenous lines in place 
and receive intravenous narcotics in the vascular laboratory 
with oxygen saturation monitoring. They are medicated for 
comfort. There were no patients we could not compress. 
Every patient who was not undergoing coronary artery 
bypass grafting and was not actively bleeding underwent 
compression therapy. 
One of our failures required asecond compression. The 
first compression was unsuccessful because the patient 
couldn't olerate it. The second time the patient was more 
adequately medicated. 
Does common femoral artery disease affect outcome? I 
believe the answer is no. Spectral broadening and presence 
of arterial wall calcification were not risk factors for failure. 
We have successfully compressed five arteriovenous 
fistulas. We attempt compression i those we believe are 
easy to compress and are superficial. We do not try to 
compress deep, short arteriovenous fi tulas. 
Dr. Robert J. Hye (San Diego, Calif.). We have a 
rather extensive xperience with this particular technique at 
our institution. The procedure was conceived of by one of 
our angiography fellows, Brian Fellmeth back in 1990 after 
we had been serially monitoring a number of these 
aneurysms waiting for them to spontaneously thrombose. 
He believed he could hasten the process and, in fact, he 
turned out to be right. We subsequently had the first report 
of this technique in the literature. 
Our experience is very similar to yours. We now have 
a series of about 126 patients and a success rate of 87%, not 
quite as good as yours. I think that one of the explanations 
for that is that, early on in our experience, we had a 
complication, a distal popliteal artery embolus resulting 
from compression and complete obliteration of flow in the 
femoral artery with thrombosis. 
Our protocol since then has been that if we have to 
completely obliterate flow in either the common femoral or 
superficial femoral artery to compress the pseudoaneurysm, 
we stop at that point, and those patients undergo surgery 
if they have an aneurysm that is greater than 3 cm in 
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diameter. That may be one explanation for why you have 
had a better success rate recently than we have been able to 
attain. 
One question I have is somewhat related to what Dr. 
Weaver had asked you. It's clear that there must be some 
patients in your institution who are treated with surgery 
and don't undergo ultrasound-guided compression. You 
alluded to the fact that patients with symptoms often 
undergo surgery, but could you elaborate a little bit on how 
many patients actually went on to undergo surgery and 
specify what your indications for deferring ultrasound- 
guided compression are? 
Dr. Hajarizadeh. Two patients underwent surgery for 
hemorrhage. Twelve other patients underwent emergency 
coronary artery bypass grafting (CABG). Their false 
aneurysms were repaired at the time of their CABG. 
Dr. Glenn C. Hunter (Tucson, Ariz.). In an evalua- 
tion of 100 patients undergoing catheterization for coro- 
nary artery and peripheral vascular disease, we found that 
the incidence of false aneurysms was higher in heart 
patients. I believe the reason for this is the practice of 
leaving a sheath in place in the event additional procedures 
are required. 
I am somewhat surprised to hear you say that heparin 
was the only factor contributing to the failure of compres- 
sion. It has been our experience that cannulation at the 
bifurcation of the deep and superficial femoral arteries, or 
through injuries of the common femoral artery are the 
usual causes of failure of ultrasound-guided compression 
and require surgical repair. 
Have you had any patients with injuries at these sites in 
your study? 
Dr. Hajarizadeh. No. We have been able to compress 
aneurysms arising from the deep and superficial femoral 
artery. Most of our aneurysms are, however, from the 
common femoral artery. 
Dr. J. Dennis Baker (Los Angeles, Calif.). Do you 
have a physician present during this procedure? There is a 
new CPT code, 76936 (ultrasound-guided compression 
repair of arterial pseudoaneurysm or arteriovenous fi tula). 
The higher physician payment allowed by Medicare 
presumes physician involvement throughout the case. 
Dr. Hajarizadeh. Yes. We always have physicians 
present. We charge only for a diagnostic duplex study. I
don't know if there is a code for compression. 
Dr. George Andros (Burbank, Calif.). I first learned 
about his 2 years ago from Joe Bookstein of the University 
of California at San Diego, and I believe he was the first 
person to publish on the technique. When he told me about 
it, he said that they used the probe to compress the 
pseudoaneurysm continuously; this was not intermittent 
compression alternated with assessment. Moreover I don't 
believe they compressed quite as long as you did. Your 
report describes a technique somewhat different from that 
originally described. 
Several years ago Dr. Gene Strandness reminded us 
during the laser-assisted balloon angioplasty craze that the 
laser probes worked just as well in creating apilot hole for 
angioplasty even if you didn't turn them on. I passed this 
story on to Dr. Bookstein and asked him if ultrasound- 
guided compression might not work just as well if he didn't 
turn the machine on but merely used it for very careful 
extended compression; he said he didn't know. I also asked 
him if he had any data on how long the initial immediate 
postcatheterization compression had been held and 
whether there was any correlation between the length of the 
initial compression time and success with ultrasound- 
guided compression the second time around. 
Do you have any information whether the patients who 
required extended compression immediately after the 
removal of the catheter had a higher incidence of pseudo- 
aneurysm? Do you believe that you left small latent 
pseudoaneurysms or that they developed secondarily? This 
might be answered by performing ultrasound stenography 
of the puncture site in all cases after the catheter isremoved, 
and obviously it is a time-consuming and expensive 
investigation. 
My second question is an epidemiologic one. What's 
the denominator? We don't seem to have as may problems 
at our institution, and I don't think that our cardiologists 
and angiographers who place catheters are any more skillful 
than cardiologists and angiographers anywhere lse. How 
many interventions were performed to yield this number of 
pseudoaneurysms? 
Do you believe this might be a subject for a prospective 
trial, in which we investigate the various forms of 
compression atthe initial time period, as well as secondary 
compression, either continuous or intermittent with the 
probe? 
Dr. Hajarizadeh. I tried to look to see how long 
compression was held after the catheterization procedure, 
but these date were not available, nor were they available 
for length of compression after removal of an intraaortic 
balloon pump. 
Dr. Wiley F. Barker (Los Angeles, Calif.). As 
Historian of the Society I want to comment hat the 
application of pressure albeit without electronic surveil- 
lance is an ancient procedure for treating similar false 
aneurysms. In 1618 the Abbd Bourthelot argued for its use: 
"Where is the person with common sense who would allow 
his arm to be opened by an extended incision, and to have 
the artery exposed and ligatured by a long and painful 
operation, which exposes the patient to hemorrhagic 
convulsions and to death ? The best plan is to have recourse 
to the pad" (Lettre de Abbd Bourthelot etc. fi M. Royer, etc. 
Journelle des Nouvelles D&couvertes, 1681:127). 
In 1888 unsuccessful application of such pressure was 
tried on a more major lesion and, when pressure by the 
"Massachusetts General Compressor" failed, RudolfMatas 
performed his first "endoaneurismorrhaphy," and the 
modern era of vascular econstruction began (Matas, R. 
Traumatic aneurysm of the left brachial artery. Medical 
News 1888;53:462-6). 
Dr. Steven W. Merrell (Salt Lake City, Utah). What 
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is your protocol for postcompression care of the patient? 
Do you have a prescribed length of time that you keep the 
patient immobilized or at bed rest? 
Did you notice any difference in compressing pseudo- 
aneurysms that were 2 weeks old as opposed to a few days? 
I believe your data indicated that all of these aneurysms 
were compressed within 17 days. How long after a 
catheterization i jury is it worthwhile to attempt com- 
pression? 
Finally, are you aware of any mechanical compression 
assist devices that would be helpful in performing these 
procedures? Physical fatigue is a limiting factor in perform- 
ing these procedures, especially for compressions longer 
than 30 or 40 minutes. 
Dr. Hajarizadeh. Our postcompression management 
is 6 hours of bed rest; then the patients are permitted to 
ambulate. They usually undergo scanning the following 
day. We have performed three outpatient compressions. 
The patients come in in the morning, undergo compres- 
sion, stay in a vascular laboratory, and leave after a 
follow-up duplex scan. 
With regard to the age of the aneurysm, we haven't had 
the opportunity to compress any aneurysms older than 14 
days old. 
With regard to mechanical devices, we did try a 
G-clamp-like device secured to the bed. We had a difficult 
time fixing the ultrasound probe to the clamp. It would 
slide off. We stopped using it. 
Dr. Charles A. Andersen (Tacoma, Wash.). I 'm 
interested in a subset of your population. In our institution 
we had a problem with the patients with intraaortic 
counterpulsation balloons. This subset had a higher inci- 
dence of hemorrhage, ischemia, and pseudoaneurysms. 
After initiating a protocol to carefully assess these patients 
immediately after the procedure, we found ourselves 
getting involved much earlier in this subset of patients. 
You had nine patients. What was your total population 
and were these patients at an increased risk of more 
extensive hemorrhagic complications? 
Dr. Hajarizadeh. During this period of time we 
performed an estimated 300 intraaortic balloon place- 
ments. Our vascular surgery team places, maintains, and 
removes the balloons. 
We don't particularly have problems with hemorrhage 
from our balloon catheter sites. 
Dr. Christopher K. Zarins (Stanford, Calif.). 1 
believe you said that the one patient who had recurrence of 
a femoral pseudoaneurysm had to be given heparin again 
because of common femoral vein thrombosis from your 
probe, yet you didn't mention anything about venous 
thrombosis as a complication i  your series. 
Dr. Hajarizadeh. At the time of the initial diagnosis, 
there were two patients who had common femoral deep 
vein thromboses (DVTs). DVT had been the indication for 
the examination, and the pseudoaneurysm was discovered 
incidentally. On follow-up scans we have not observed any 
new DVTs after compression. 
Dr. Darrell N. Jones (Denver, Colo.). This is just a 
comment about ukrasound compression assist devices. We 
have a limited experience at the University Hospital in 
Denver, but before using a mechanical ssist device and just 
using hand compression we probably had about a 50% 
failure rate to achieve thrombosis. We then had a copy of 
the same kind of devices that are available commercially 
made in our bioengineering department.We now have a 
better than 90% success rate, as you do. 
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